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ABSTRACT 
A detailed study was conducted on the monthly variation in milt-volume, spermato-
zoa concentration and duration of motiUty of spermatozoa oi Rastrelliger kanagurta. 
Milt-volume showed peak (0.094 ml) in the month of May. Spermatozoa concentra-
tion did not vary much during the period of May to October (21.5-21.7 x lO'ml"'). 
Duration of motility in 100% seawater was observed to be maximum in the month of 
August (101.6 sec.) followed by October (96.53 sec.) and April (94.4 sec). The 
effect of various dilutions of seawater on the duration of motility showed a decreas-
ing trend with decrease in concentration. Maximum duration of motility (86.46 sec.) 
was observed in 100% seawater. Salinity below 70% seawater was found to be inef-
fective in inducing motility. The quality of stripped milt, milt in isolated testis and 
milt in situ in the body of the fish at room temperature were also studied and it was 
found that preservation of stripped milt gave the best result after storage. Another 
series of experiments were conducted to assess the effect of factors such as oxygen, 
air, water vapour, their combinations and milk of coconut on short-term storage. The 
milt stored in an atmosphere of oxygen was observed to maintain motility for a 
0 
period of 20 days at 4 C. 
INTRODUCTION 
Since the introduction of cryopreservation technology, extensive 
studies were going on worldwide which made clear that cryopreservation is 
an inevitable necessity for the development of aquaculture in the future. 
Most of the studies on this topic are restricted to the European fresh water 
species. Literature on the cryopreservation studies of spermatozoa of ma-
rine fishes is very limited which may be due to the difficulties in obtaining 
ripe specimens in time. Most of the studies in this line are on the fishes of 
temperate regions, whereas those on tropical fishes are limited, with pioneer 
studies by Blaxter (1953, 1955) and Mounib et at. C1968). Since then, 
cryopreservation technology has been standardised for a number of fishes 
such as Atlantic cod, Atlantic salmon, sea trout, Atlantic trout, plaices, mul-
let, sea bream, sea bass, crimson sea bream, barramundi, chinook salmon, 
rainbow trout, brown trout, yellowfin bream, curimbata, Atlantic halibut, 
Atlantic croaker etc. 
The marine catch is declining day by day and the inland water bod-
ies are under the threat of epidemics, pollution, and habitat destruction. Cage 
culture of marine fishes has become a prospective venture in this context. 
One of the major problems in mariculture is the unavailability of fries and 
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fingerlings, which are difficult to be collected from the wild. The synchro-
nous availability of spawners of both sexes may be difficult for artificial 
fertilization. Therefore, successful storage of male gametes for short peri-
ods can easily facilitate artificial fertilization on the availability of female 
spawners. It has been reported that storage of fish semen above freezing 
temperature for short duration can be used for the artificial propagation of 
cultivable species like carp (Hulatha et al., 1979). 
In the present study, year round data was collected on milt param-
eters such as milt-volume, duration of motility, and spermatozoa concentra-
tion. Effect of factors such as salinity and pH on the duration of motility was 
also studied. Another investigation was on variation in the duration of motil-
ity and percentage of motile spermatozoa of milt samples taken from the 
testis of dead fish, isolated testis and stripped milt stored at room tempera-
ture. Study was also conducted on the role of air, oxygen, water vapour, their 
combinations and milk of coconut on short-term unfrozen storage of milt of 
R. kanagurta. These basic studies may form the basis for further studies in 
this aspect. 
MATERIALS AND METHODS 
Live specimens of R. kanagurta were collected from Vizhinjam 
coast of Kerala by operating both shore seine and boat seine. Male speci-
mens of uniform size only were selected for the present study. Monthly 
samples were collected from March 1993 to February 1994. Anal region 
was wiped clean and dry with towel and tissue paper, milt was stripped by 
gently pressing the abdominal region into 15 ml storage vials. The milt ob-
tained in most of the months were paste like and not free flowing as in the 
case of many other fishes. Care was taken to complete the study on duration 
of motility within the shortest possible time. Spermatozoa concentration and 
milt-volume were measured as early as possible. In the months of Decem-
ber, January and February, fishes obtained were with poorly developed tes-
tis and without milt. A minimum of sixty specimens was used for the present 
study in each month. 
Milt-volume was determined using graduated capillary tube. Care 
was taken to avoid any air bubble being trapped along with milt. Duration of 
motility was determined by activating spermatozoa with 100% seawater (sa-
linity 34.14%c). A small drop of milt was placed on a clean glass slide and 
seawater was pipetted on the glass slide close to it (dilution 1:400) covered 
with a clear cover glass and observed under a pre-focussed microscope 
(450X). The time period was noted from the time of mixing to the time up to 
which at least 20% spermatozoa exhibited active forward movement. The 
spermatozoa concentration was determined using modified Neubar count-
ing chamber (Buyukhathipogulu and Holtz, 1978). 
To study the effect of salinity on duration of motility, different con-
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centrations of seawater samples were prepared (10, 20, 30, 40, 50, 60, 70, 
80,90 and 100%) using sea water of salinity 34.14%c. Duration of motility 
was determined for each concentration. Similarly seawater samples of vari-
ous pH were prepared and duration of motility was studied. 
Milt was taken in a watch glass and kept at room temperature (28 C) 
to study the effect of storage on room temperature. Percentage reduction in 
the duration of motility, viability and also the percentage of motile sperma-
tozoa in 100% sea water were determined from a small drop taken from the 
sample at an interval of 30 minutes. 
To study the effect of storage of milt in isolated testis, testis was 
isolated from the fish after killing it and kept in a petridish at room tempera-
ture. A slice of testis was taken in an interval of 30 minutes, the milt was 
extracted and the duration of motility and percentage of motile spermatozoa 
were determined. 
The fish with testis was kept at room temperature to study its stor-
age in the body offish. At intervals of 30 minutes, a small drop of milt was 
stripped and duration of motility, viability and percentage of motile sperma-
tozoa were determined. 
Experiments were devised to check the effect of anaerobic storage 
of milt. Milt samples were taken in 0.25ml polypropylene screw cap storage 
vials, by filling without air space. Vials were kept in refrigerator at 4 C 
(± 0.5). In each experiment three samples were used. Samples were drawn at 
every 24-hour interval and were analysed for spermatozoa qualities like du-
ration of motility, viability and percentage of motile spermatozoa. 
Experiments were conducted to study the role of air on the storage 
of milt. 0.25 ml milt was taken in a petridish and placed at the base of a 1.5L 
polythene bag filled with air and tied at the top. Care was taken to avoid 
falling of condensed water drops into the milt. Petridish and samples were 
kept in the refrigerator at 4 C (±0.5). At every 24 hours intervals, sample 
was drawn and analysed. 
Another experiment was devised to evaluate the role of air and 
water vapour on the storage of milt. 0.25 ml milt was taken in a petridish and 
placed at the base of 1.5-L polythene bag. Wet cotton and filter paper were 
placed at the base outside the petridish. Bag was then filled with air and tied 
well. Three samples each were placed in the refrigerator at 4 C (±0.5). 
Samples were drawn at every 24 hour intervals and analysed. Similar ex-
periments were done by adding 500mg streptomycin to 1ml of milt. 
Experiments were conducted with milt diluted with milk of coco-
nut in the ratio 1: 3 and stored in 10 ml screw capped storage vials and kept 
at 4 C (±0.5). Samples were taken at every 24 hour interval and analysed. 
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RESULTS AND DISCUSSION 
Milt-volume was 
found to be in-
creasing from 
March with a 
maximum value 
of 0.094ml re-
corded in May 
(Fig. 1). Species 
dependent varia-
Fig. 1. Monthly variation in the milt-volume of R.kanagurta tion has been ob-
served in milt-volume. Milt-volume of 0.2-2.2 ml in turbot (Sequet et al, 
1994), 1.5 ml in perch and 0.5-1.7 ml in white fish (Piironen, 1995), 0.5 ml 
in Epinephelus malabaricus (Chao et al., 1992) are comparable. 
Fig.2 represents the monthly variation in the duration of motility, 
which was found to be 
maximum in August 
(101.6 sec.) followed 
by October (96.53 
sec.) and the least was 
observed in Novem-
ber (62.33 sec). Du-
ration of motility of 
. , . . Fig. 2. Monthly variation in the duration of motility of sper-
wide variation among ^^^.o^of ^. kanagurta 
species and was ob-
served to be 1-17 minutes in Turbot (Fauvel et al., 1993), 1-120 seconds in 
Atlantic cod (Trippel and Nielson, 1992) and 2-3 minutes in Esox lucius 
(Ginsburg 1992). 
Monthly record of 
spermatozoa concentration 
is presented in Fig. 3. The 
maximum value recorded 
was 27x lO'ml'' in the month 
of August followed by June 
(25.2 xlO'ml'). The mini-
mum value was in March 
(13.5x lO'ml'). Spermato-
Fig.3.Monthly variation in the spermatozoa zoa concentration also 
concentration of milt of ^. kanagurta shows species-wise varia-
tion. Spermatozoa concentration as reported by Chauvaud et al.{\995) in 
turbot (0.7-11 xlO'ml') and Gwo (1982) in Atlantic croaker (23.4 -36.4 
250; 
200 i 
160^ 
100-
50' 
0^  
a 
JAN 
Spermatozoa concentration (n x 
MAR MAY JULY SEP 
10» ml-1) 
NOV 
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xlO'ml'), are also contrasting. Comparatively high spermatozoa concentra-
tion was observed in the milt of mackerel. The chance for spermatozoa to 
enter into micropyle is very limited owing to its brief life span and the short 
distance that can be covered during this time. To overcome this handicap, 
there is no other way than to increase the number of spermatozoa 
(Billard,1992). Milt was not available in the specimens collected in January, 
February and December. 
Duration of motility was found to be decreasing with decrease in 
salinity up to 70% seawater. Maximum duration of motility was recorded in 
100% seawater (Table 1) which was gradually decreased with decrease in 
salinity up to 70% seawater (75 seconds). Salinity below 70% seawater was 
found to be ineffective in inducing motility. Spermatozoa exhibited the fast-
est movement in 100% seawater, which was found decreasing with decrease 
in salinity. Spermatozoa of mackerel was found to be motile only in alkaline 
pHj.e., inmediaofpH9(106± 13.11 sec). Motility of mackerel spermato-
zoa in a short range i.e., in pH 9 may be due to the special conditions of its 
spawning ground. 
Table 1. Analysis of variance comparing duration of motility and percentage of motile 
spermatozoa of R. kanagurta in various dilutions of sea water 
Dilutions of seawater 
(%) 
70 
80 
90 
100 
Duration of motility 
Mean 
75 
78 
82 
87 
±SD 
4 
18 
9 
17 
Percentage of motile 
spermatozoa 
Mean 
51 
75 
75 
81 
+SD 
4 
1 
3 
2 
F ratio - 2.0496 F ratio -186.3474 
Of the factors affecting the duration of motility, salinity is a major 
factor where marine fish spermatozoa are concerned. According to Hines 
and Yadshou (1971), neither freshwater nor seawater will give the optimum 
duration of motility. The variation showed by mackerel spermatozoa i.e., 
reduction in the duration of motility with decrease in salinity may be con-
nected with the specialities of the spawning ground of the species. Sperma-
tozoa motility is initiated by hypertonic media as in many marine fishes 
(Oda and Morisawa, 1993) as is also observed in mackerel. It has also been 
reported that hypertonocity initiates motility in fresh water fishes such as 
Cyprinus carpio, Carassius auratus, and Tribolodon hakonensis (Morizava 
and Suzuki, 1980). The intensity of motility was found to be high in media 
of high osmotic pressure. Chambeyron and Zohar (1990) also reported simi-
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lar observation in the spermatozoa of Spams auratus. 
Of the storage conditions tried for milt of mackerel, stripped milt 
stored at room temperature was found to be superior, which maintained mo-
tility after 180 minutes followed by milt stored in isolated testis (motility up 
to 120 minutes) and the least was with milt stored inside the fish (motility up 
to 90 minutes). The duration of motility and percentage of motile spermato-
zoa are presented in Fig. 4 and 5. 
Successful storage of milt in these conditions and the superior re-
sults in the stripped milt sample may be due to the availability of oxygen by 
diffusion from the 
atmosphere. The 
drastic decline in 
the quality after 
sometime can be 
due to the drying 
up of the outer 
layer making it 
impermeable to 
air. Inside the iso-
lated testis, there 
is absolutely no 
supply of oxygen, 
which makes the 
viable period very 
short. Further-
more, autolysis 
takes place in the 
body of dead fish 
soon after death. 
In the 
Fig. 5. Percentage of motile spermatozoa of mackerel milt eight conditions 
stored at room temperature tried for short-
term storage of 
milt of mackerel, storage of milt with oxygen was found to be superior which 
maintained motility up to 20* day (Fig. 6). Stoss and Refstie (1983) main-
tained fertility in stored undiluted Atlantic salmon milt up to 10 days at 0 C 
under oxygen and with the addition of penicillin and streptomycin. Investi-
gators like Carpentier and Billard (1978), Scott and Baynes (1980) obtained 
longer survival period i.e., more than one week when stored at temperature 
around 0 C in salmon spermatozoa. Scheuring (1924) reported survival of 
undiluted rainbow trout spermatozoa at 0-6 C for five days. 
Fig.4 Duration of motility of spermatozoa of mackerel milt stored 
at room temperature 
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Extended survival period on samples stored at 4 C than that stored 
at room temperature may be due to the reduction in the rate of metabolism 
(Stoss and Holtz, 
1983). Storage of 
spermatozoa at " 
2 C by Stoss et 
a / . ( 1 9 7 8 ) was 
found to be detri-
mental due to the 
formation of ice 
crystals. The in-
crease in survival 
in the samples 
stored with water 
vapour may be be- Fig' 6. Percentage of motile spermatozoa of milt of mackerel 
cause of the very stored under different storage conditions at 4°C. 
low rate of evaporation, which prevents dehydration and subsequent osmotic 
disturbances. These findings are supported by the reports of Stoss and Holtz 
(1983). Many authors like Stoss and Refstie (1983), Harvey and Kelley 
(1984), Stoss et al. (1978) and Billard (1981) reported that the addition of 
antibiotics is essential for the better survival of spermatozoa whereas in the 
present study, the survival of spermatozoa was poor when stored with anti-
biotics than with oxygen. This indicates that species-specific modifications 
are essential for the storage conditions of spermatozoa. Tom and Mitra (1994) 
observed that the aerated samples of milt of Cyprinus carpio were motile up 
to 140 hours. The survival of spermatozoa in samples added with milk of 
coconut may be because of its isotonicity with milt. 
CONCLUSION 
Month-wise variation was observed in the milt-volume, spermato-
zoa concentration and duration of motility. Spermatozoa of mackerel were 
found to be motile in 100-70% sea water, the maximum duration being in 
100%. Motility was observed only in seawater of pH 9. Storage of stripped 
milt was found to be advantageous than storage either in isolated testis or in 
situ in fish. For the short-term storage of spermatozoa, storage of milt with 
oxygen was found to be surviving for the maximum period i.e. 20 days with 
20% motile spermatozoa. Milt stored with oxygen and water vapour and 
milt stored with oxygen, water vapour and antibiotics resulted in survival up 
to 15 days with 42 and 79% motility. 
REFERENCES 
Billard, R. 1981. Short-term preservation of sperm under oxygen atmosphere 
in Rainbow trout (Salmo gairdneri). Aquacullture, 23: 287-289. 
Billard, R. 1992. Reproduction in Rainbow trout: Sex differentiation, dy-
145 
Management of Scombroid Fisheries 
namics of gametogenesis, biology and preservation of gametes. 
Aqmculture, 100: 263-298. 
Blaxter, J. H. S. 1953. Sperm storage and cross-fertilization of spring and 
autum spawning herring. Nature, 172: 1189-1190. 
Blaxter, J. H. S. 1955. Herring rearing I. Tiie storage of Herring gametes. 
Mar. Res. Dep. Agric. Fish ScotL, 3: 1. 
Buyukhatipoglu and W. Holtz . 1978. Preservation of trout sperm in liquid 
or frozen state. Aquaculture, 14: 49-56. 
Carpentier, P., and R. Billard. 1978. Conservation a court termedes gametes 
de Salmonids a des temperatures voicenes de 0 C. Ann. Biol. Anim. 
Biochim. Biophys..lS: 1083-1088. 
Chambeyron, F. and Y.Zohar. 1990. A diluent for sperm cryopreservation of 
gilthead seabream, Sparus aurata. Aquaculture, 90: 345-352. 
Chao, N. H., H.P.Tsai and I.C.Liao.l992. Short and long-term 
cryopreservation of sperm and sperm suspension of the grouper, 
Epinephleus malabaricus (Blotch and Schneider). Asian fisheries sci-
ence, 5:103-116. 
Chauvaud, L., J.Cosson, M.Suquet and R. Billard. 1995. Sperm motility in 
turbot {Scophthalmus maximus) sperm : initiation of movement and 
changes wit time of swimming charecteristics. Environ. Biol. Fishes, 
43:341-349. 
Fauvel, C , M.H.Omnes, C, Mugnier, Y. Normant, G. Dorang and M. Sequet. 
1993. La reproduction de turbot aspects biologiques et gestion des 
reproductcurs. La pisuciculture Francaise, 112: 32-39. 
Ginsburg, A., S.1972. Fertilization of fishes and problems of polyspermy. 
U. S. Dept. of Commerce, NTIS, Springfield , Virginia. 
Gwo, J. C. 1982. Studies on the freezing thawing damages of fish semen, 
especially on the morphological changes and major cat-ion flux of 
spermatozoa. M.Sc. thesis. University of Tokyo, 74p. 
Harvey, B. and R.N. Kelley. 1984. Chilled storage of Sarotherodon 
mossambicus milt. Aquaculture, 36: 85. 
Hines, R. and A.Yadshou. 1971. Some environmental factors influencing 
the activity of spermatozoa of Mugil capita Cuvier, a grey mullet. 
J. Fish Biol., 3: 123-127. 
Hulatha, G. and S.Rothard. 1979. Cold storage of carp semen fqr short 
periods. Aquaculture, 16: 267-269. 
Morizava, M. and K.Suzuki. 1980. Osmolality and potassium ion : their 
roles in initiation of sperm motility in teleosts. Science,10: 1145-
1147. 
Mounib, M. S., PC. Hwand and D.R.Idler. 1968. Biosynthesis of lipids by 
salmon sperm from puruvate, acetate and glyoxilate. Comp. Biochem. 
Physiol, 25: 193-200. 
Oda, S. and M. Morizava. 1993. Rise in the intracellular Ca^ * and pH medi-
ate the initiation of sperm motility by hyper osmolality in marine 
146 
Factors affecling motility and short - term storage of milt of the Indian mackerel 
teleosts. Cellmotil. and Cytoskeleton, 25: 171-178. 
Piironen, J. 1995. Composition and cryopreservation of sperm from some 
finnish fresh water teleost fish. Finnish Fisheries Research, 25: 
65-86. 
Scheuring, L. 1925. Biological and physiological studies on salmonid sperm. 
Arch. Hydrobiol. Suppl., 4: 181-318. 
Scott, A. P. and S.M. Baynes. 1980. A review of the biology, handling and 
storage of salmonid spermatozoa. J. Fish Biol., 17: 707-739. 
Stoss, J., S. Buyukhatipoglu and W.Holtz.l978. Short-term and 
cryopreservation of Rainbow trout sperm. Ann. Biol. Anim. Biophys., 
18: 1077-1082. 
Stoss, J. and W.Holtz. 1983. Successful storage of chilled Rainbow trout 
(Salmo gairdneri) spermatozoa for up to 34 days. Aquaculture, 31: 
269-274. 
Stoss, J. and T. Refstie. 1983. Short-term storage and cryopreservation of 
milt of Atlantic salmon and seatrout. Aquaculture, 30: 229-236. 
Sequet, M. R.,J. Billard, G. Cosson, L. Dorang, C. Chauvaud, E.Q. Mugnier 
and C. Fauvel. 1994. Sperm features in turbot (Scophthalmus 
maximus), a comparison with other freshwater and marine fish species. 
Aquat. Living Resour., 11: 45-48. 
Tom,G. E. and A. Mitra. 1994. Short-term preservation of spermatozoa of 
an Indian major carp rohu (Labeo rohitha Hamilton) Riv. Ital. 
Aquacolt., 29: 99-102. 
Trippel, E., A. and J.D.Nielson. 1992 Fertility and sperm quality of virgin 
and repeat spawning Atlantic cod (Gadus morrhua) and associated 
hatching success. Can. J. Aquat. Sci., 49: 2118-2127. 
147 
